The Rio Grande, which forms the United States-Mexico border for much of its course, receives diverse pollutants from both urban and agricultural areas, most notably in the sister cities of El Paso (TX, USA)-Ciudad Juá rez (CHI, Mexico). This study aimed to describe regional trends in water quality in waters near the El Paso-Ciudad Juá rez metroplex and to examine the potential for water quality improvement through the use of a created wetland. Very few differences in nutrient chemistry were found among drains, canals and the Rio Grande, with the exception of elevated chloride and lower phosphorus levels found in the drains. Overall, chloride concentrations increased with distance downstream, likely due to concentration of salts via evaporation from irrigated agriculture. A wastewater treatment plant (WWTP) contributed substantially to total phosphorus and nitrate levels, which, together with ammonia, tended to exceed state criteria for water quality downstream of the WWTP outflow. The created Rio Bosque wetlands reduced nitrate concentrations in the water, possibly via denitrification enhanced by algae; algae increased in biomass as water flowed through the wetlands. However, the diversion of water for irrigated agriculture, resulting in the absence of water, and thus aquatic plants, in the wetland in the summer has limited the ability of this wetland to improve regional water quality.
INTRODUCTION
The Rio Grande forms the international border between the United State and Mexico from the sister cities of El Paso (TX, USA)-Ciudad Juá rez (CHI, Mexico) to the Gulf of Mexico. Both countries depend on the river for irrigated agriculture and, to a lesser extent, for municipal water supply; however, recreational and aquatic life uses are severely limited in the river. The Rio Grande is contaminated by heavy metals (Rios-Arana et al. 2003 ) and exceeds state standards for nutrient and bacterial pollution, and total dissolved solids (IBWC 2008) . The identification of sources of nutrient pollution and methods to improve water quality would increase the value of this international water body for both nations.
During the process of canalization of the Rio Grande between El Paso and Juá rez in the 1930s, many naturally occurring riparian wetlands were destroyed (Watts et al. 2002) . Some have suggested that the absence of wetland and riparian vegetation may be partly responsible for elevated nutrient levels throughout the middle Rio Grande (Oelsner et al. 2007) . Wetlands and riparian areas can provide many ecosystem services such as nutrient retention, sediment attenuation, increased biodiversity, and flood abatement (Zedler 2003; Fisher & Acreman 2004) . In particular, a functioning wetland can reduce the levels of many pollutants, including nutrients, bacteria, and heavy metals (e.g. Quinonez-Diaz et al. 2001; Mitsch et al. 2005; doi: 10.2166 /wst.2010 .323 Verhoeven et al. 2006; Yang et al. 2006) . Created wetlands have been shown to improve the water quality of WWTP effluent (e.g. Smith et al. 2000) and of rivers impacted by non-point source agriculture (e.g. Beutel et al. 2009 ) and urban/agricultural land use (e.g. Mitsch et al. 2005) .
With the degradation of water quality in the Rio Grande and the loss of most of the riparian wetland habitats in the region, it has become imperative to understand and rehabilitate our regional water resources. Protection and enhancement of functioning wetlands has the potential to improve water quality and aid in the attainment of stateestablished water quality standards mandated by the US Clean Water Act. However, the scarcity of studies examining water quality in the region, both in the Rio Grande and in associated wetlands, limits our ability to determine if this would be an effective strategy for ameliorating water quality in the region. The goal of this study was to describe regional trends in water quality and examine the potential for water quality improvement through the use of river side wetlands.
Study Sites
The Rio Grande was rectified starting in the 1930s to stabilize the international border and provide flood protection, reducing the total length of the river in the region from 250 to 140 km (Reinhardt 1937) . Agricultural canals and drains have, however, substantially increased the total length of waterways in the border region. For example, in El Paso and Hudspeth Counties (TX), there are more than 600 km of canals and more than 400 km of drains (Figure 1 ).
For irrigation in the middle Rio Grande valley, water is diverted from the Rio Grande into agricultural canals that deliver the water to farms; water then percolates into a subsurface drain system that takes the water to a surface drain, which eventually returns the flow to the river. In particular, at the point where the Rio Grande becomes the international border, water is diverted by the American The University of Texas at El Paso (UTEP) and its partners are working to guide and shape the recovery of the wetland park to promote native river-valley plant communities (Watts et al. 2002) .
METHODS
To determine regional trends in water quality in the Rio Grande and agricultural water delivery channels, we visited phytoplankton and periphyton using 90% acetone and a 1-hour (phytoplankton) to 24-hour (periphyton) extraction period in the freezer. Results were corrected for phaeopigments by acidification (Wetzel & Likens 2000) .
Absorbances were determined on a Genesys 10 UV Spectrophotometer.
We used paired t-tests to compare whether there were differences among nutrient concentrations at the RBWP sites sampled on the same dates. Simple linear regressions were used to relate algal biomass to the measured environmental variables. Differences in water quality among drains, canals and the Rio Grande were determined using a repeated measures ANOVA, followed by Tukey HSD test. Data were log-transformed, as required, to normalize the data. All statistical analyses were performed using JMP software (Version 4.0, SAS Institute Inc., Cary, N.C.). of the time, and ammonia and chloride criteria were exceeded greater than 30% of the time.
RESULTS

Repeated
Downstream of the WWTP discharge into the Riverside
Canal, TP and NO 3 -N were significantly elevated relative to upstream levels (t-test, p , 0.05), and these concentrations were above state screening levels (Figure 4 ). Chloride levels were significantly reduced below the outfall. Water quality varied throughout RBWP; however, very few significant differences were observed in water quality after the water flowed through the wetland. Nitrates were significantly higher in the inflow compared to both Cell 2 (paired t-test; p ¼ 0.0264) and the outflow (paired t-test; p ¼ 0.0392) (Figure 6 ). The water at the inflow was significantly warmer than all others sites ( p , 0.001). In many cases, nutrient levels in the RBWP were an order of magnitude higher than those observed in the other regional water bodies; all nutrient levels exceeded state screening levels for the Rio Grande.
Phytoplankton biomass was significantly lower at the inflow, compared to all other sites in the RBWP (Figure 7 . Phosphorus can also be easily adsorbed by soils (Reddy et al. 1999) . In particular, increased phosphorus retention capacity can be seen in clay sediments, in sediments with high organic matter (Reddy et al. 1999; Novak & Watts 2006 ) and under reducing conditions (Fisher & Acreman 2004) . While soils in the RBWP wetlands cells tend to be more organic than soils in more upland areas of the park, these levels are still relatively low (, 5% organic matter; unpubl. data). Furthermore, we do not believe that phosphorus release from the sediment was contributing to consistently high P levels in data). Phosphorus release and retention is also affected by the amount of oxygen in the sediment and water (Carlton & Wetzel 1988; Reddy et al. 1999; Dodds 2003; Fisher & Acreman 2004) . Phosphorus tends to be released from soils under anoxic situations (Carlton & Wetzel 1988; Nurnberg 1988; Dodds 2003) . Dissolved oxygen (DO) levels were relatively high during the daylight hours at the Rio Bosque indicating that denitrification could be acting to reduce nitrate levels in the wetland. Nitrate removal can also be related to organic matter accumulation, (Craft 1997) , which is greatest in planted wetland cells (Lin et al. 2007) , and leads to both organic N accumulation and denitrification.
However, organic matter content of these desert soils is relatively low (, 5%) and the absence of plant growth during the current period of water availability would reduce this effect. Algae can reduce nutrient concentrations by direct uptake (Dodds 2003) or by promoting denitrification (Toet et al. 2003) . Furthermore, high periphyton cover may reduce phosphorus release from sediment by increasing oxygen level at the sediment-water interface (Carlton & Wetzel 1988) . While metabolic uptake of nutrients by periphyton is limited by lower temperature (Dodds 2003) , which may occur during winter months in many temperate regions, water temperatures in this desert wetland were generally greater than 158C, indicating that algae may have been capable of contributing substantially to nutrient uptake in the RBWP. Experiments examining the role of benthic algae in nutrient release and retention will be completed to clarify these trends.
Hydrophytic vegetation is key to providing the nutrient retaining capacities of wetlands, either through the uptake of nutrients directly (Kao et al. 2003; ), or by indirectly affecting nutrient concentrations through alteration of the redox potential, microbial community, and soil characteristics (Williams 1985; Brix 1997) . In particular, depending on ambient conditions, different species of plants are more efficient at the uptake of nutrients than others (Kao et al. 2003; ).
Preliminary results indicate that the ponds in the Rio Bosque have developed some characteristics of a wetland plant community since the park was established more than 10 years ago (unpubl. data); however, the absence of water during the growing season has likely substantially slowed this process.
The seasonal delivery of water only during winter, when it is not needed for irrigated agriculture, limits not only development of wetland plant communities in the RBWP, but also the development of valuable wetland functions.
Conditions during our relatively mild winters likely promoted nitrate uptake via denitrification and algal growth;
however, if water were diverted into the park during the summer, thereby promoting hydrophytic plant growth and other wetland functions, this could be a first step in considerably improving regional water quality. In particular, elevated nutrient concentrations emitted from wastewater treatment plants could be ameliorated. While elevated salinity is a concern for regional waters, chloride concentrations do not appear to increase after passing through the RBWP; therefore, it appears that use of the Rio
Bosque as a treatment wetland in the summer months could only benefit regional water quality. Unfortunately for the Rio Bosque, all surface waters in the region are allocated for use by a variety of landowners, primarily for agricultural irrigation, and any new needs must be met by transferring water rights among these users. In the El Paso region, however, there is no legal framework in place to easily allow the water rights owner to transfer their water to environmental users. The lack of water for environmental purposes is a primary barrier preventing aquatic and riparian habitat restoration in the region (King & Maitland 2003) .
